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Claim 

A semiconductor resistor characterized by having 

a semiconductor substrate of a first electroconductivity type, 

a semiconductor layer of a second electroconductivity type formed on the aforementioned 
semiconductor substrate, 

a polycrystal semiconductor layer that is directly formed on the aforementioned 
semiconductor layer of the second electroconductivity type and contains impurities of the second 
electroconductivity type, and 

a pair of electrodes that are electrically connected to the aforementioned semiconductor 
layer of the second electroconductivity type and/or the aforementioned polycrystal 
semiconductor layer. 
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Detailed explanation of the invention 
Industrial application field 

The present invention pertains to a type of semiconductor resistor. In particular, the 
present invention pertains to an improved semiconductor resistor having a low temperature 
coefficient and resistance with a linear temperature characteristic. 

Prior art 

In a semiconductor integrated circuit device, transistors, diodes, and resistors are formed 
in the same semiconductor substrate. 

Figure 6 is cross-sectional view illustrating the conventional P+ diffused resistor. As 
shown in Figure 6, a p+ type diffused region (2) is formed on n-type substrate (1) (n-type 
epitaxial layer is usually used). Then, hot oxide film (2) and PSG film (4) 
(phosphorous-containing CVD oxide film) are formed sequentially on said n-type substrate (1) 
including p+ type diffused region (2). Contact holes are formed on hot oxide film (3) and PSG 
film (4) in such a way that openings can be formed above the two ends of p+ type diffused 
region (2). Aluminum electrodes (6) are connected to p+ type diffused region (2) via the contact 
holes. 

The conventional semiconductor resistor with the aforementioned configuration is 
manufactured as follows. 

First, hot oxide film (3) is formed on n-type substrate (1) (n-type epitaxial layer is usually 
used in bipolar IC) by means of hot oxidation. Then, boron ions are injected into the region, 
where the diffused resistance is to be formed, through said hot oxide film (3). P+ type diffused 
region (2) is formed by performing an annealing treatment. After that, PSG film (4), that is, a 
phosphorous-containing CVD film is formed on the entire surface. Then, hot oxide film (3) and 
PSG film (4) are etched using the photoengraving technique to form contact holes through which 
the two ends of p+ type diffused region (2) are exposed. After that, a thin aluminum film is 
formed on the entire surface of n-type substrate (1) including the contact holes. Aluminum 
electrodes (6) that are electrically connected to p+ type diffused region (2) are formed by 
pattemizing the thin aluminum film. 

Problem to be solve by the invention 

As shown by curve (1) in Figure 3, the temperature dependency of the sheet resistance of 
the p+ diffused resistor manufactured as described above is a so-called nonlinear temperature 
characteristic with a positive temperature coefficient above 0°C and a minimum value below 
0°C. 
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Consequently, a complicated compensation circuit is needed to compensate the 
temperature characteristic below 0°C. Also, due to the sheet resistance and the impurity 
concentration, there is variation in the temperature at which the sheet resistance becomes very 
low. The circuit constant becomes complicated. 

The purpose of the present invention is to solve the aforementioned problem by providing 
an improved semiconductor resistor having low temperature coefficient and resistance with 
linear temperature characteristic. 

Means to solve the problem 

The semiconductor resistor of the present invention has a semiconductor substrate of a 
first electroconductivity type, a semiconductor layer of a second electroconductivity type formed 
on the aforementioned semiconductor substrate, a polycrystal semiconductor layer that is directly 
formed on the aforementioned semiconductor layer of the second electroconductivity type and 
contains impurities of the second electroconductivity type, and a pair of electrodes that are 
electrically connected to the aforementioned semiconductor layer of the second 
electroconductivity type and/or the aforementioned polycrystal semiconductor layer. 

Operation 

Figure 7 is a cross-sectional view illustrating a conventional base bulk resistor (emitter 
pitch resistor). As shown in Figure 7, a p+ type diffused region (2) is formed on a n-type 
substrate (1) (n-type epitaxial layer). An n+ type diffused region (8) is formed in said p+ type 
diffused region (2). The resistance of the resistance region is controlled by the concentration and 
the diffusion depth of n+ type diffused region (8). A hot oxide film (3) is formed on the entire 
surface of n-type substrate (1) except on n+ type diffused region (8). A PSG film (4) is formed 
on the entire surface of n-type substrate (1) including hot oxide film (3). Contact holes are 
formed on hot oxide film (3) and PSG film (4) in such a way that openings can be formed above 
the two ends of p+ type diffused region (2). Aluminum electrodes (6) are connected to p+ type 
diffused region (2) via the contact holes. 

As shown by curve (3) in Figure 3B, the aforementioned base bulk resistance structure 
has an approximately linear temperature characteristic with no minimum resistance and a 
positive temperature coefficient. As shown in Figure 7, since there is no Si-SiC>2 boundary on p+ 
type diffused region (2), the resistor is not subjected to the influence of the mobility of Si-SiC>2 
boundary (surface mobility). 

Figure 8 is a cross-sectional view illustrating a conventional polysilicon resistor. 

As shown in Figure 8, hot oxide film (3) is formed on an n-type substrate (1) (n-type 
epitaxial layer). A polysilicon film (5) with a thickness of about 4000 A is formed on hot oxide 
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film (3). Said polysilicon film (5) is formed by means of CVD. The resistance of polysilicon film 
(5) is controlled by the quantity of boron or phosphorous ions injected into polysilicon film (5). 
For example, when boron ions are injected at a density of l.OxlO 15 cm' 2 , a resistance of about 
400 Q/ can be obtained. A PSG film (4) is formed on the entire surface of n-type substrate (1) 
including polysilicon film (5). Contact holes are formed on PSG film (4) in such a way that 
openings can be formed above the two ends of polysilicon film (5). Aluminum electrodes (6) are 
connected to polysilicon film (5) via the contact holes. 

As shown by curve (4) in Figure 3B, the aforementioned polysilicon resistor has a linear 
temperature characteristic with a negative temperature coefficient. 

The semiconductor resistor disclosed in the present invention has a configuration 
equivalent to parallel connection of the polysilicon resistor with the negative temperature 
coefficient shown by curve (4) in Figure 3B and the base bulk resistor with the positive 
temperature coefficient shown by curve (3) in Figure 3B. Therefore, the resistor of the present 
invention is an ideal resistor with small temperature coefficient and no minimum resistance as 
shown by curve (2) in Figure 3A. 

Application example 

In the following, the application example of the present invention will be explained with 
reference to figures. 

Figure 1 is a cross-sectional view illustrating the semiconductor resistor disclosed in an 
application example of the present invention. As shown in Figure 1, a p+ type diffused region (2) 
is formed as a semiconductor layer on the main surface of an n-type substrate (1) (n-type 
epitaxial layer is usually used in bipolar IC). A hot oxide film (3) is formed on the entire surface 
of n-type substrate (1) except in the portion of p+ type diffused region (2). A polysilicon film (5) 
containing boron as impurity is formed directly on p+ type diffused region (2). A PSG film (4) is 
formed on the entire surface of n-type substrate (1) including polysilicon film (5) and hot oxide 
film (3). Contact holes are formed on PSG film (4) in such a way that openings can be formed 
above the two ends of polysilicon film (5). A pair of aluminum electrodes (6) are connected to 
polysilicon film (5) via the contact holes. When aluminum electrodes (6) are connected to 
polysilicon film (5), aluminum electrodes (6) are electrically connected to p+ type diffused 
region (2) indirectly via polysilicon film (5). Also, polysilicon film (5) and p+ type diffused 
region (2) are connected in parallel to electrodes (6). 

In the aforementioned semiconductor resistor, since there is no Si-SiC>2 boundary on the 
surface of p+ type diffused region (2), the resistor comprised of electrodes (6) and p+ type 
diffused region (2) has almost the same configuration as the base bulk resistor shown in Figure 7. 
It displays an approximately linear temperature characteristic with a positive temperature 
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coefficient and no minimum value of resistance as shown by curve (3) in Figure 3B. On the other 
hand, the resistor comprised of electrodes (6) and polysilicon film (5) has almost the same 
configuration as the polysilicon resistor shown in Figure 8. It displays a linear temperature 
characteristic with a negative temperature coefficient as shown by curve (4) in Figure 3B. 
Consequently, the semiconductor resistor shown in Figure 1 has a configuration equivalent to 
parallel connection of the polysilicon resistor with the negative temperature coefficient shown by 
curve (4) in Figure 3B and the base bulk resistor (p+ diffused resistor) with the positive 
temperature coefficient shown by curve (3) in Figure 3B. Therefore, the resistor of the present 
invention is an ideal resistor with small temperature coefficient and no minimum resistance as 
shown by curve (2) in Figure 3A. 

In the following, the manufacturing method of the semiconductor resistor shown in 
Figure 1 will be explained. 

Figures 2A-2E are cross-sectional views illustrating the manufacturing process of the 
semiconductor resistor shown in Figure L 

First, as shown in Figure 2A, a hot oxide film (3) is formed on n-type substrate (1) by 
means of hot oxidation. Then, boron ions are injected into the region, where the diffused 
resistance is to be formed, through said hot oxide film (3). P+ type diffused region (2) is formed 
by performing an annealing treatment. 

Then, as shown in Figure 2B, hot oxide film (3) is patternized in such a way that 
openings can be formed above p+ type diffused region (2). After that, a polysilicon film (5) is 
deposited to a thickness of 2000-5000 A on the entire surface. At that time, an oxide film with a 
thickness of about 10 A or thinner can be formed on the boundary between the silicon surface on 
p+ type diffused region (2) and polysilicon film (5). The thickness of this film, however, is so 
small that it can be ignored. Then, resist (7) is coated on the entire surface. The resist (7) is 
patternized in such a way that the part above p+ type diffused region (2) is exposed. After that, 
with the patternized resist (7) used as a mask, boron (B) is injected into polysilicon film (5) in 
the area where the resistor is to be formed. In this case, the polysilicon resistance value and its 
temperature characteristic vary depending on the amount of injected boron and the thickness of 
the polysilicon film. Therefore, the amount of injected boron and the thickness of the polysilicon 
film must be selected appropriately in consideration of the resistance value of p+ type diffused 
region (2) and the resistance value of the targeted semiconductor resistor. 

Then, as shown in Figure 2C, polysilicon film (5) is patternized using the photoengraving 
technique in such a way that polysilicon film (5) is left above p+ type diffused region (2). 

Then, as shown in Figure 2D, PSG film (4) (phosphorous-containing CVD oxide film) is 
deposited on the entire surface of the n-type substrate. After that, a heat treatment is performed. 
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After the heat treatment, PSG film (4) is patternized to form contact holes such that openings can 
be formed above the two ends of polysilicon film (5). 

Then, as shown in Figure 2E, a thin aluminum film is formed on the entire surface of 
n-type semiconductor substrate (1). The aluminum film is then patternized to form a pair of 
aluminum electrodes (6) that are electrically connected to polysilicon film (5). As a result, the 
semiconductor resistor shown in Figure 1 is completed. 

Figure 4 is a cross-sectional view illustrating the semiconductor resistor disclosed in 
another application example of the present invention. The application example shown in Figure 4 
is identical to the application example shown in Figure 1 except for the following points. The 
equivalent parts are represented by the same symbols, respectively, and explanation of these 
parts is omitted. 

In the application example shown in Figure 1, a pair of electrodes (6) are formed on 
polysilicon film (5). In the application example shown in Figure 4, however, a pair of electrodes 
(6) are formed across both p+ type diffused region (2) and polysilicon film (5). The 
configuration can also realize the same effect as that of the aforementioned application example. 

Figure 5 is a cross-sectional view illustrating the semiconductor resistor disclosed in yet 
another application example. The application example shown in Figure 4 is identical to the 
application example shown in Figure 1 except for the following points. The equivalent parts are 
represented by the same symbols, respectively, and explanation of these parts is omitted. 

In the application example shown in Figure 1, a pair of electrodes (6) are formed on 
polysilicon film (5). In the application example shown in Figure 5, however, polysilicon film (5) 
is formed in such a way that the area of polysilicon film (5) is smaller than that of p+ type 
diffused region (2), and a pair of electrodes (6) are connected to p+ type diffused region (2). The 
configuration can also realize the same effect as that of the aforementioned application example. 

The aforementioned application examples describe p+ diffused resistor and 
boron-containing polysilicon resistor. However, the same effect can be realized when an n+ 
diffused resistor is connected in parallel with a polysilicon resistor containing phosphorous or 
arsenic. 

Also, in the aforementioned application examples, the polysilicon resistor is formed by 
injecting boron ions after the polysilicon film is formed. The present invention, however, is not 
limited to this. The polysilicon resistor can also be formed by directly depositing 
boron-containing polysilicon. 

Effect of the invention 

As explained above, according to the present invention, a resistor with an extremely 
small temperature coefficient and a linear temperature characteristic can be obtained by 
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connecting a semiconductor layer, which has an approximately linear temperature characteristic 
with no minimum resistance value at low temperature and a positive temperature coefficient, in 
parallel with a polycrystal semiconductor layer having a negative temperature coefficient. 

Brief description of the figures 

Figure 1 is a cross-sectional view illustrating the disclosed semiconductor resistor in an 
application example of the present invention. 

Figures 2A-2E are cross-sectional views illustrating the method for manufacturing the 
semiconductor resistor shown in Figure 1. 

Figures 3A and 3B are diagrams illustrating the temperature characteristics of the 
resistance value of the conventional semiconductor resistor and the semiconductor resistor of the 
present invention. 

Figure 4 is a cross-sectional view illustrating the disclosed semiconductor resistor in 
another application example of the present invention. 

Figure 5 is a cross-sectional view illustrating the disclosed semiconductor resistor in yet 
another application example of the present invention. 

Figure 6 is a cross-sectional view illustrating a conventional p+ diffused resistor. 

Figure 7 is a cross-sectional view illustrating a conventional base bulk resistor (emitter 
pinch resistor). 

Figure 8 is a cross-sectional view illustrating a conventional polysilicon resistor. 

In the figures, (1) represents an n-type substrate; (2) represents a p+ type diffused region; 
(5) represents a polysilicon film; and (6) represents an electrode. 

Also, in each figure, the same symbols represent the same or equivalent parts, 
respectively. 
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ABSTRACT: 

PURPOSE: To obtain a resistor having an extremely low 
temperature coefficient 

and linear temperature properties by forming a 
semiconductor layer, which has 

nearly linear temperature characteristics not having the 
minimum value of 

resistance at low temperature and having positive 
temperature coefficient, and 

a polycrystalline semiconductor layer, which has negative 
temperature 

coefficient, in parallel. 

CONSTITUTION: An aluminum electrode 6 is indirectly 
connected electrically 

through a polysilicon film 5 to a p<SP>+</SP>-type 
diffusion area 2. Moreover, 

the polysilicon film 5 and the p<SP>+</SP>-type diffusion 
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area 2 are connected 

in parallel to the electrode 6. Since Si-SiO<SB>2</SB> 
interface does not 

exist at the surface of the p<SP>+</SP>-type diffusion area 
2, the resistor 

consisting of the electrode 6 and the p<SP>+</SP>-type 
diffusion area 2 shows 

nearly linear temperature characteristics which do not have 
the minimum value 

of resistance and has positive temperature coefficient. On 
the other hand, the 

resistor consisting of the electrode 6 and the polysilicon 
film 5 shows linear 

temperature characteristics which have negative temperature 
coefficient . 

COPYRIGHT: (C) 1 991 , JPO& Japio 



11/19/2002, EAST version: 1.03.0002 



© B * B m & Ft (JP) ©ftffr&m&M 

©&IH§ (a) ¥3-85758 

©int. a.* hmoe* rrmm^ ¥*3¥(i99i)4^ioB 

H 01 L 27/04 P 9056-5 F 

®tt fg ¥1 -223424 

@i±5 H ¥1 (1989) 8 £30 B 



PTO 2003-759 

S.T.I.C. Translations Branch 



iyj fin « 

me**tfs«±i= 2 

suite & 2 «m*H5^«)*«f*i«±KEffifl ! Jt=a^ 

3. 

- 1 - 



igif^ + iz + ^JB^fiC^nS) ±1=- P + 

litfifiW 2 *<iKi*snr^5o p* «l£itkflf<2* 

Jtfcn§?&& 1 ©±K* »l»ft«3 fcAtf P S G 
$4 ( y >*&/,*5C V DlttftK) 

nrws, p + Stttt«#2©w*W±fcl»aW 

*<r§ 5 J; 9 &$ftllB3fcJ:C>'P S CR4K 
TL^^tx. r;u£?Bffi6*<, p + fflt£llkfifi«2 
a ± © <t 9 » = ffi & * n * © -*i ■ ■ # <* « ® f * - 

l^TWU n *6x fc' ? * •> + vHS/^flEJti 2 S o ) 
- 2 - 



— 351 — 



11/19/2002 , EAST version: 1.03.0002 



3-85758(2) 



ij>^^«CV D 18 ft J©"?* * P S CSS4 
ffilcJEfiSc-r &1BHtJ&3:fc;J;tfP S CI 

* !K P + fflttffl^tt 2 ©Bf«*«tfi 
? ? hE*)I5fi!ct5o *©&* 3>** 

C (0 7 ^ ^ - A IJS^'^ - - > ?t * 

ia±© J; -5 1= i» 53c ^ n /c p ♦ t£fi*&ft© h 

Jttft©iaJKtfc##l;U ?S3ABl^©f&ia (1) ic 

fcjftfttt£fto;:£a<*a£ftT^*o 

*©*:*>, t£#(4, 0 •CJaT©iSK4$&£*iDfl* 

- 3 - 



^Ts H£ft*<&'h£ At ft r«l 

C ©»iWli±K0> J: 9 (HUB 5 fc* 

«tf tt*fi*sffi ft*Ma&ft* ft *= 

JBA©¥$(*® ** J: / « /;(4±tt#tt&*#f* 
& 7 g| f* , It 5fc © < - X / < ;U * J£ ft ( x S 7^ 

f^fiia) *77<-r«rriiDaT*a. #7[g£&Ka 

- 4 - 

EIT* So 

/SMtt{tW3±l=*«l4 OOOA©flSfP©tf'J *>'J 3 

>K5*<JKfiR*nr^s 0 * y ■> y 3 >m 5 u c 
vDftT?JKjKsn*Q # y ■> y 3 >K 5 ©t&ttfifi 
tis # y y a > us 5 rt» i= as A * n * a > * fc 
(4 y > © ^ * >£Afii- <fc o TJM&i £ ft *<> fc£ 
llfx ^p>^1. OxlO' ( cm" 2 -f * > 

jiAtit. ^4 0 0 n /□©& ft ffl! ft *<> 
# y >/ y a > « 5 * a n as ffifi 1 © £ ffi £ p s 
GK4^ff5fiSc*nTo*« # y > y 3 >w 5 ©Pi 

«B85±I=MP85*<T?* 5 <t ? * PSC«4i:3 

> * * hft^tty- &nri* &• c©3>?*h?L 
^^tt> r yu s «s«fe 6 a< # y •> y 3 > m 5 c m 
sitttsttsft?^*. 
±&<dx 9 KttftfcSft * # y ■> y 3 >&fti4, 

^5 3 BO^tOfJIl© (4) lc ?7< * * 9 C ^ & © # 

$ T x C CD ft W (c ^ -5 if. $ ft ifi ft 3? 14^ t> * 

- 6 - 



«att2rti= n ♦ ^&8fc^#8*<Jt?/dc*ftTi>So 
fiftflBtt©»ftii(** n + W>&HkffiW 8©i8&£ 

w:i&m2?m®t! ftz* n + m&nk mt&s ±.*& 
v^ 0 ttttftw 3*^t n ffla« 1 ±±ao*= p s 

GJ»4*<JKfi!c*nTl*S 0 p * ffi!W;lftfii«2 ©PS 

0=PSG/1S4 IC3>^^ h TlA<S£it ^tl»i. 
d03>^^ h^L^^LT. 7yU^M6*<p + 

14. SS 3 B E9 4>«D dlitft (3) i:^tJ;?i:s fit ft 
LTs p + §2^fft^«2±ic Si-SIOiSPi 

*<»ffi Ltem *5 i:«tf*nr^so-e, s i - 

/,£ t^A; t % K y> ft S o 

3»8Btt, y 5/ y 3 >«ft*^^Wriffi 

- 5 - 

—352 



11/19/2002, EAST version: 1.03.0002 



#BB¥ 3-85758(3) 



9 3 B 0#0>ffi$| (4) K^Lfc&£>ia&£S 
J^*Wt5#'J ■> 'J 3 38 3 BEI^offltSl 

£Jft3AE]r1->tf>lili© (2) T^tJ: VJ» £ tfc & 
[2£*&0J] 

JUT* coiB«W«5SJiSW*iai=-3i^TSiiW*-So 
fit IBM** c©»Wo — *«Wt=*»^S*3IW= 
tfitaS^ITrEElT* So ^ 1 UT, n ?8 

SKI (fflffw* 5 I C l=**i*T (is n 82 

©*fla±DD(c/fttt^bK3)6<^ldc*nr^5. P + 

y ■> y = >«5*<ittWKffl:ite>nT^5. 

# y ■> y a >K 5 fc J; ftlttftJR 3 n 32$ 

- 7 - 

ffi 3 BW^omm (4) ir^UloiflK 
y ■> y a vffitt t w 3 b gj#4>& 

II (3) IciSLfciEOSiSCfftt^W^a^-^^ 

£ 9 ffi £ ^ * "e * cn^^im^^itiMtzx 

9 , ■rtefefc»3AB*«>ltt» (2) TP g% J: 

if, & 2 A0£#flClLT> nffl»lfil±»=* 
«t(BMbl= J:oTi»(tR3*Mt So fcl=. C 
0*lttfb«3*jfflLT\ ttttffi!ft©JSffli«fc'Ko 

4 tg&'flfcffitt 2 £ J&fcJcf *• 

»2BB*»«Lt, P + seffi»«i«2 

- 9 - 

—353 



# y •> y 3 >W 5©P5«iaS±l=ranfliWC3 * A 

# 0 c<03>^^hHfL^/)-UTs l #4 <o r ;u s ?8 
te60<# y ->y 3 >K5KttttsnTt*s. ta> 

1 6 *>< # y > y 3 >M 5 icffitt* n* 
ZY>* 7 >v i A?S&6 ii p ♦ *fU to mr irfi W 2 

4? y •> y 3 >JH 5^^LT, BSl»Wt=18»W»tt 

anri»*. * fc. ^y*>y3>j|g5<»:p + Si!tii 

±SEO J: -5 K«fiR*ns*«(*»tSi8l=*»'^T 
ti> p f S!^tS!«i^2 a&ostc Si-SiO^ 
iB*<fftt U o<0T\ «SlS6ip + iettfifctiitt2 

& (3) -e/Tt <fc •? icffiffiaffi'hfllfcftfctt^ 
!Si6 <h # y > y 3 >R 5 t t> tt £ ft ft 

x m 3 b gMioiuitii (4) ic 

- 8 - 

±fclWn©*T3*J:9lcftttfbR3*'<*-- 
>/ts. ijf y >/ y 3 >» 5*^ffi(=W 

2 0 0 0 - 5 0 0 0A^ : atio ££><h£s p 4 
«Sf£tt4iHlift2±0*>y3>*Ei#y , >y= , >W 

i; s ilcuyx h7^i^'t> 

p + &&SfcffliJfK 2 «>±W^*<iSHl"^ * J; 9 lc , 

n'^ --y/t^o 'C $ . C ? - — > / £ 

# y •> y 3 > n& 5 tp ?k d > ( b ) t^Atio 
c<j)i^ # y *> y 3 >\&fcm £ z<oUt£<ft&u* 

# p >£AS£ * y > y 3 yflJIJf J: 0 ^<b"T S e 

^n^^ic #d >aAfl*f j:c;«h y ■> y 3 >K 

J§£W, p + fi£fifcfliW2©U£Kfllt a^i-TS^^ 

0. •> y 3 >.R5A<p- 4 fflfc£ttfifi«2±(=a 

# J: O * #';i/l/3>R5*'*^-->/t5. 

- 10 - 



11/19/2002, EAST version: 1.03.0002 



<f$M¥ 3-85758(4) 



&ic. m 2 D B*£ffil Lt, nlSi^ECP 
SCJK4 ( 'J C V DK{t&) 

# y •> y 3 >K 5 4>ffi}£±lc[}fln8iJa<T $ * J: 9 
i:PSGJS4$-'^-->/L, 3>^h?L£ 

282 EB*£fl?lLT. n^^^(*S«tl 

"? A J$ > * ^ — > ^ ^~ S £ ilcj: r»T% #y 
i/ y n > Oft 5 <h tESt^te^S 1W©7^;JBB6 

(*ffittiB<!>»rilfiBfl , r* » 4 El (c * & 0>J ii * 

tea*- * ttisj— ©^jw#-*t*i-r u 

SS 1 Bl=**3?«fl|-e«* lWO««S6*#y 

WTIi, H-]£0lg6A^ p + SSfi£tt«« 2 t # 
- 11 - 

# y ■> y 3 >m*M& l *f o>^^>a 

A*"* c i*=J: ->TJ£fi£L*:*<s wOJSWttcn 
y > y 3 >^iS^if^-r 6 Z tlZX^TJ&f&lT 

21 E£ % 8c * S £ f i : ft i l £ - « Mi : JB * 3£ 3*J I = B & L 

4. BffiOffiWtt ftnj] 

«tt«©Wrfl5Bi?* 5c 

%2 AB~3&2 EBli. » 1 B(c^-r^*(*ffi 
laS^WiS^ffi-fcllffiEBTw U:t<0T$S o 

83 AB*s<fctf3S3 BBtt. ft*©*##&i/TL 

- 13 - 

—354 



y >/ y 3>«5oPi*ic*/:* < -»T J£j& $nt^ 
ra*5©$*#£2S*s 0 

S¥«{tffiftS®irraDBT'£& e 8 5 B 1= ^ * & 
ft Ml** WT©jS*SSt^TSS 1 BK**-3KI6Mi 

»lBi:*t3!ttWTli, l#J©flitt6**y 
•> y 3 > (ft 5 ± K JBfiSe L fc * ffl 5 B f= * -r & Afe 

w t? tt . # y > y > jr 5 © ft m t< P + m&wt m 

«2©i«J: 0 t/J^ < 4 J: ? i:# V ■> V 3 > 
(9 5*Jf*fiStU 1 *t©*l$&6£p + ieH£lttm«£ 2 
lc»«**Ti»« 0 - © J: 9 ttffl lifer* o T 

ttfcs Ji K ^ -t? (i P + fcfcft«tn;£#n>* 
4? y ■> y 3 >*£ taK OUT it^<A:*<. n + & 

ttffitat, y fc««t**dt;* y i/y a >ffi 
* ft. ±E5lSt(iSWT(i, * y * y 3 >U£tt£, 

-12- 

5-^^»ffitn:S©rrtfiBT* So 
^6BUx tt^© P + ^SfeittlJt^ltrrifiB-e* So 

3S8Biis y •> y a vffiK^iS'rirfB 

Br**, 

5 (i # y *> y 3 6 tifBffi-e* **• 
ttfcx ^&B^. In) — ^ttlSJ-* lifflSSUa 

SB A A @ >S Itt 



-14- 



11/19/2002, EAST Version: 1.03.0002 



1#ga¥ 3-85758(5) 




11/19/2002, EAST version: 1.03.0002 



3-85758(6) 




i „ i i i i i l 



-40 -20 0 20 40 60 60 100 



—356— 

11/19/2002, EAST version: 1.03.0002 



3-85758(7) 




—357— 



11/19/2002, EAST Version: 1.03.0002 



